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THE clinical diagnosis of undulant fever or brucellosis is frequently a matter of
very great difficulty. This difficulty is made apparent by a short review of the
opinions of various authors as they set them out in current textbooks of medicine.
Thus, G. M. Low and N. H. Fairly in their contribution to Price's Textbook of
Medicine (6th Edition) state that the differential diagnosis of undulant fever includes
differentiation from "the enteric fevers, acute rheumatism, malaria, kala-azar,
tuberculosis, subacute bacterial endocarditis, thoracic lymphadenoma associated
with the Pel-Ebstein syndrome, amoebic abscess of the liver and occult pyogenic
infections."
H. L. Amoss, in Cecil's Textbook of Medicine (6th Edition), lists, in addition
to the conditions cited above, influenza, tularmemia, acute appendicitis and chole-
cystitis, go-norrhueal orchitis, arthritis, and neurasthenia as diseases, which infection
with one of the brucella may simulate.
When the protean symptomatology of the foregoing diseases is considered, it
can be readily understood that the term brucellosis can cover almost any sympton
to which medical science can ascribe a name.
The textbooks lay great emphasis on the carrying out of agglutination tests in
the detection of infection by the brucella. In practice, in the British Isles, it is
sufficient only to consider those infections due to br. abortus, as the closely allied
br. melitensis and br. suis do not occur. The agglutination test has a definite
value, but further examination of the literature suggests that the investigation
is not without its fallacies.
For example, Carpenter and Boak (1930) noted that in 6 per cent. of their cases
in which the brucella had been isolated from the blood the agglutination test was
negative. Many other authors have reported the presence of agglutinins to brucella
in sera giving positive reactions with B. tularense (Francis and Evans, 1926),
Pasteurella (Mallman, 1930), Vibrio cholerae (Wong and Chow, 1937), and
B. typhosus and B. proteus X 19 (Shaughnessy and Grubb, 1938).
The culture of br. abortus from the blood is a matter of some difficulty and, in
view of the high incidence of contagious abortion in the cattle in Northern Ireland,
it was decided to attempt to evaluate the presence of agglutinins to br. abortus in
the blood.
The sera of 2,073 apparently healthy blood donors were tested for specific
agglutinins. Of these, 257 gave positive reactions to a titre of 1 in 10 or higher.
This figure represents a percentage of 12.39.
Huddleson (1943) states that a serum agglutination in a dilution of 1 in 40 or
higher should be considered to be indicative of a past infection with br. abortus.
Accordingly, if the sera, reacting only in dilutions of 1 in 10 or 1 in 20, are
ignored, the percentage of the population who have suffered from brucellosis is
406.5. This is slightly higher than the figure recorded for the State of Michigan
(6.21 per cent.)
Cruikshank and Barbour (1931) found that less than 0.5 per cent. of the normal
population give positive reactions, and similar figures are recorded by Marr (1933)
in Scotland, and by Thompson (1931) in Ireland. The discrepancy between the
results obtained in the present series and those for Michigan on the one hand,
and those for England, Scotland, and Ireland on the other, may be due to the fact
that in the case of the former the tests were all incubated for forty-eight hours,
whereas there is no record, in the latter, of how long the tests were heated before
being regarded as negative.
The importance of this point can be seen if reference be made to Table 4.
The distribution of the sera reacting to titres of 1 in 40 or higher between the
sexes and between town and country dwellers is set out in Table 1.
TABLE 1.
Male Female Town Country
No. - - 22 ... 38 ... 65 ... 70
Percentage - 5.8 ... 7.2 ... 5.4 ... 8.0
This was all the analysis possible on the information supplied by the blood
transfusion service, and so a circular letter was sent to each of the cases and, as
a result, sixty of. them were interviewed and further information was collected
from them. Repeat agglutination tests were carried out and their sera were also
tested against B. typhosus (O and H antigens), B. paratyphosus B, and entero-
coccus A and B. In each case the serum reacted in the same manner as before,
and in no case was a positive result obtained with any of the other antigens.
Consideration of the histories of the individuals who were interviewed shows
that the consumption of milk, which seems to be the most probable source of the
infection, was very variable.
The daily consumption of milk by these individuals can be tabulated thus:-
TABLE 2.
Nil Slight J-1I Pint 1-2 Pints More than 2Pints
1 ... 12 ... 11 ... 26 ... 10
From this it can be seen that the majority of the cases were heavy consumers
of milk, but that there was a considerable numberwho only took small amounts.
One individual maintained that she never took milk in any form, and that she had
ceased to take it from the time that she had had a severe pyrexial illness. No
name for this disease had ever been given her by her doctor but, from her history,
it seems probable that she had, in fact, suffered from an attack of brucellosis about
nine months previously.
When the milk consumption was compared with the titre to which the corres-
ponding serum reacted, it was found that there was no correlation whatsoever.
Professor G. S. Wilson states that the only people who show agglutinins to
41br. abortus in the absence of the clinical disease are those who have direct contact
with infected cattle or meat.
If the sixty persons are considered according to their employment and their
contact, or possible contact, with infected cattle, the following table can be
prepared.
TABLE 3.
Possible Contact Occupation Number with Cattle
Factory - - - 4 ... Nil
R.U.C. - - - 1 ... Nil
Farmer - - - 8 ... 8
Solicitor - - - 1 ... Nil
W.R.N.S. - - - 1 ... Nil
Schoolmaster - - - 1 ... Nil
Housewives - - - 24 ... 1
Clerks - - - 16 ... 3
Labourers - - - 2 ... Nil
Fishmonger - - - 1 ... Nil
Student - - - 1 ... Nil
The total number, who had any contact with direct infection from cattle by
virtue of their employment or their private lives, is therefore twelve. That is,
one-fifth of the total reacting.
Amongst the cases there were only five who gave a definite history which could
be called brucellosis, and of these, none had had any contact with cattle.
It can be reasonably concluded, therefore, that occupation is not responsible,
in all cases, for the appearance of agglutinins to br. abortus in the sera of these
cases.
It was thought that the type of milk ingested might play a part in the production
of antibodies, for, on enquiring into the source and grade of the milk consumed,
it was revealed that, whereas none of the individuals drank pasteurised milk, all
except three drank Grade B. The remaining three drank only Grade A.
Thus the only common denominator, so far apparent, was that all of the people
concerned drank milk which was not treated or produced in such a way as to
eliminate contamination.
On analysis of the histories of the cases, the most striking feature was that no
less than twenty-two of them volunteered the information that they were bothered
with what they called rheumatism. Four others complained of having arthritis.
These observations, when compared with Huddleson's follow-up of cases which
occurred in the Iowa epidemic, show a considerable degree of similarity. Huddleson
states that about 40 per cent. of these positively diagnosed cases, who had
recovered, complained of pains in muscles and joints. In this very small series
twenty-six out of sixty (43 per cent.) made similar complaints.
In addition to the series of agglutination reactions reported above, sixty-three
Widal reactions, including tests for agglutinins to br. abortus, were carried out
42in the Clinical Pathology Laboratory of the Royal Victoria Hospital. In three of
these there were found agglutinins to br. abortus, and these reacted in dilutions
of 1 in 320, 1 in 2,560, and 1 in 2,560.
If these be included with the results of the tests on the donors' sera, the fol-
lowing table shows the number of positively reacting sera detected during the
period of the investigation. It shows, also, the number of hours incubation in the
water bath at 56°C. which were necessary to produce the reaction.
TABLE 4.
The titres to which specific serum agglutinins to br. abortus were
obtained and the period of incubation necessary to produce the
reaction.
- HIGHEST TITRE ATTAINED
Time in 1/40 1/80 1/160 1/320 1/640 1/1280 1/2560 Hours
4... 0 ... 0 ... 2 ... 4 ... 0 ... 2 ... 2
12 ... 4 ... 3 ... 3 ... 5 ... 0 ... 2 ... 3
24 ... 12 ... 8 ... 6 ... 7 ... 0 ... 2 ... 3
48 ... 77 ... 31 ... 16 ... 9 ... 0 ... 2 ... 3
From this it can be seen that in the two highest dilutions the reaction was
complete, in four of the five cases, in four hours, whereas in the lower dilutions
no reaction had occurred at this stage.
Not all of these 138 cases were suffering from active brucellosis, and so an
attempt was made to correlate the rapidity of reaction with the activity of the
disease.
For this purpose the histories of the twenty individuals whose sera had com-
pleted the reaction in twelve hours or less, were examined more closely, and the
findings are drawn up in table 5.
TABLE 5.
Histories, titres, and prozones of those cases with rapidly reacting sera.
Titre
2560
2560
2560
1280
1280
320
320
320
320
320
160
160
Prozone History
Up to 160 ... Definite, with positive blood culture.
80 ... Definite of infection.
None ... Rheumatism.
160 ... Definite of infection.
80 ... Typical attack three'months before.
None ... Not seen.
... Rheumatism.
... Rheumatism.
... Rheumatism.
Not seen.
**,... Sciatica.
Nil.
43Titre Prozone History
160 ... None ... Sciatica.
80 . ,, . Rheumatism.
80 ,, .. Rheumatism.
80 ... ,, ... Rheumatic fever.
40 ,, Positive history of unidulant fever.
40 ... ,, ... Chorea.
40 ...,, ... Nil.
40 ..,, ... Nil.
Recentlv there have been three further cases, one of which has been confirmed
bv blood culture, in which the reaction was complete in twelve hours and in which
there has been a prozone in the order of 1 in 160.
If the two tables above are considered, the question arises as to how the results
of agglutiniation reactions are to be interpreted. Are all reactions which occur to
be looked upon as indicative of active disease? This can only be denied, for, as has
been shown, very few of the persons foundl to have specific serum agglutinins have
had anly history of the disease, and experiencc shows that the number of actively
infected people does not amount to 6.5 per ceint. of the population.
From the tables it seems that the sera showing a high titre react much more
rapidly and that the majority of these people have, or lhave had, some illness
w.hich is suggestive of a clinical diagnosis of undulant fever. It seems that, when
all the cases in which the reaction was. complete in twelve hours are considered
with regard to their histories, the majority of them show some evidence of an
illness which might be due to infection with br. abortus.
If a serum reaction is to be considered to be diagnostic of undulant fever, it
seems that the further conditions to be fulfilled are:
1. The reaction must be complete in twelve hours or less.
2. Ihe titre attained must be at least 1 in 40. (If marked prozone is present,
it seems to indicate that the illness is acute.)
3. There must be some definite clinical evidence of the disease.
It remains to consider the case in which there is no agglutination reaction.
Huddleson states that, in his experience, the majority of those cases which occur
in children in the United States do not show any agglutinins in their blood during
the course of the disease. One such case came under observation. This was a
child who had completely unexplained pyrexia and who had a negative agglutina-
tioIn reactioni. The physician in charge of the case remembered a previous case
in which the milk supply was the same as that of the child under conisideration. As
this previous case was one of undulant fever, a blood culture was carried out, an(l
after prolonged incubation it was positive.
It is therefore possible for a patient to be suffering from undulant fever in spite
of a negative agglutination reaction.
Additional investigations which can be carried out in an attempt to establisl
such a diagniosis in obscure cases were also investigated.
44Briucellergen.-T'his is the namc given to a protein nucleate fraction of brucella
organisms. It is a preparation made at the Michigan State College Agricultural
Experiment Station by the method describe(d by Huddleson. The test is designed
to detect skinl allergy to brucella, and it is claimedl to be highly satisfactory and
specific. Brucellergen is not available in British markets, and(i I am in(debte(f to
Dr. Hud(dleson for a supply.
'rhe test is carrie(d out by inioculation of 0.1 cc. of the material inito the skin of
the lateral surface of the forearm. In positive cases the local reactioll consists of
a circumscribe(d erythema, coedema, an(l inidurationi. h'l'e area involved varies from
2 to 10 cm. in (liameter. 'I'he reaction i.s read in twenty-four and forty-eight hours,
an(l a positive result may persist for seven days. In the actively infected case the
local reaction may be accompaniied by a more marked manifestation of the symptoms
alrea(dy preset. 'I'Those people who are hvper-sensitive show a marked systemic
reaction in ad(lition to the local reaction. Sometimes there is a small erythematous
area around( the site of inoculationi, aindl this is consi(lere(d to be a nion-specific
reaction.
TI'he skin reactions to the brUcellergen are recor(led an(l are to be interpreted
as follows
1. E. - Erx'thema-no sigilificanice.
2. + + - Cedema and erv%!thema 2 cm. in (liameter.
:3. + ++ - Oedema andl erythema more thani 2 cm.
4. + ++ + - Oedema an(l crythema more than 2 cmii. and mild
systemic reaction.
+. +++ + + - Oedema andl ervthema more than 2 cm. and
marked systemic reaction.
Some of the cases with specific serum agglutinines to br. abortus were subjected
to intra(lernmal tests with brucellergen. 'I'here was no correlationi apparent between
the titre attainied in the agglutinationi test and(i the reaction obtained with brucel-
lergen. On the other hand everx onie of the cases teste(d for skini sensitivit) gave
a positive reactionl according to Huddlesonl's classificationi.
TABLE 6.
Allergic reactionis accor(ling, to Huddleson's technique.
E. + + + + ++ ++++
Total - 0 12 ... 10 ... 7 ... 1
Thus thirty cases were tested and( they all gave positive reactions.
Fturther tests were carrie(d out onl a very small scale on persons who ha(d niot
becn testedl for agglutininis. TI'wenty-sevenl in all were tested and they gave the
following results
TIABLE 7.
Allergic reactions of twenty-seven suppose(lly normal inidivi(duals.
Nil E. +± +±+ ±++ + ++++
'lTotal
- 12 11 ... 4 ... 0 ... 0 ... 0
From the table it can be seen that 15 per cent. of these people gave positive
4r)reactionls to brucellergen. TIhis figure is very close to that given for the State of
Michigan by Huddleson (16.6 per cent.)
Agglutination reactions were subsequently carried out on these people and none
of them had agglutinins in their sera.
It is- evi(lent then, that brucellergeni skin-testing is of considerable use when
applied at the same time as an agglutinatioin reaction, and when both are carefully
considered in conjunction with the clinical signs andl symptoms. Care must be
exercise(l in view of the very considlerable numbers of ind(ividuals with allergy to
brucellergenl (lue to ani acqIuired active immuniity.
THE OPSONOPHAC.OCYTIc TEST IN TIIE DIAGNOSIS OF BRUCELLOSIS.
This test was first use(d in the (letection of meningococcal infection by Sir Thomas
Houston and J. C. Rankin. Recentlyt their technique has been modified and has
been applied to cases suspecte(d of being infecte(d with brucella.
The test is carried out by adding 0.1 cc. of citrate(l bloo(d (0.2 cc. 20 per cent.
soditum citrate to 5 cc. blood) to 0.1 cc. of a bacterial suspension of br. abortus.
After thorough mixing the suspension is heate(d in the water bath for thirty minutes
at 37°C. After incubation the cells are again suspended by gentle shaking. Blood
films are then madle in the usual manner. TIhe film should be dried as rapidly as
possible in the air. TIhe smears are then stained by one of the Romanovsky stains.
Twenty such tests were carrie(d out andl they were interpreted accor(ling to
Huddleson. The system for recording results is
Negative - No bacteria ingested by the polymorphonuclear leucocytes.
Slight - 1 to 20 bacteria ingested per cell (25 cells being examined
an(l the average counted).
Moderate - 20 to 40 bacteria ingested.
Marked - Over 4-0 bacteria ingested.
The percentage of cells sh1owiiig phagocvtic action is also estimated.
'1 ABLE 8.
Allergic, agglutination, and opsonophagocytic reactions.
0-P Test Percentage of Si
Average Number Cells Showing Titre Skin
of Bacteria Paoyoi leg
Ingested Paoyoi
33 ... 27 ... 1280 ... + + + +
42 ... 61 ... 320 ... + +
35 ... 60 ... 160 ... + +
40 63 ... 160 ... + +
29 ... 63 ... 40 ... Nil
37 ... 29 ... 320 ... + + +
41 ... 26 ... 320 ... + + + + +
42 ... 69 ... 80 ... Nil
39 ... 62 ... 40 ... + + +
30 ... 80 ... 40 ... ++
460-P Test
Average Number
of Bacteria
Ingested
44
42
46
42
40
31
44
27
29
31
Percentage of
Cells Showing
Phagocytosis
67
67
60
21
64
67
70
60
63
39
Huddleson, in an attempt to evaluate the conditions which can be diagnosed as
brucellosis in the presence of the various laboratory findings, drew up the following
scheme giving
Agglutination
Reaction
Negative
Negative
Plositive
Negative
Positive
the possible combination
Brucellergen
Test
Negative
Positive
l'ositive
Positive
Positive
of results.
Opsonophagocytic
Power of Blood
0 to 20% cells
showing slight
phagocytosis.
0 to 40% cells
showing marked
phagocytosis.
0 to 40% cells
showing marked
phagocytosis.
60 to 100% cells'
showing marked
phagocytosis.
60 to 100% cells
showing marked
phagocytosis.
Status Toward
Brucella
Susceptible
(?) Infected
Infecte(d
1mmune
Immune
If the cases on whom the opsonophagocytic tests were carried out are considered
in this light, it can be seen that fifteen were immune, four were infected, and one
was possibly infected. When their histories were referred to it was found that in
fact these four were actively infected or had just recovered from an attack of
undulant fever.
Of the remaining fifteen tested for their opsonophagocytic activity, three had
histories which were, at least suggestive, of brucellosis. Four others gave the
history that there had been outbreaks of contagious abortion among the cattle on
the farms where they lived. It is probable that all seven of these individuals had
acquired an immunity to br. abortus through active infection or through contact
with infected animals.
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Titre
40
40
40
2560
80
320
40
40
40
320
Skin
Allergy
+.+
++
++
+N+
Nil
NilFrom this small series of cases it is seen that the difficulty of laboratory diagnosis
of undulant fever is considerable and that no one test is infallible. Agglutination
reactions, while of help, may unfortunately give a positive result when, in fact, the
patient has not got an active infection and, what is more important, if the
frequency of the prozone phenomenon is not remembered, tests may be reported
as negative when they really react only at a high titre. The test may be altogether
negative when the patient, especially a child, is suffering from a severe reaction.
The employment of brucellergen would be of help, but the material is not com-
mercially available in the British Isles and the manufacture of it is so complicated
as to prevent its production in the routine laboratory.
The opsonophagocytic test, carried out in conjunction with the two other tests,
is of some value, but it is very doubtful if the labour involved would be justified
by the results obtained.
Blood culture is the only truly reliable positive finding and, unfortunately, tlle
culture of the brucella from the blood is a matter of no little difficulty. The blood
ought to be cultured in a special medium. The best of these would seem to be a
product of the Difco Laboratories. It is a proprietary product and the trade name
is bacto-tryptose digest.
Positive bloo(d cultures will niot be obtained evenl with this medium uniless the
cultivation is carried out under increased carbon dioxide tenision.
TIhese methods have been employed in a number of cases and four positive
cultures obtainedl. One of these was in a chil(d who never dleveloped any agglutinins
to the stanidar(d antigen or to her own infecting organiism. All four of the cultures
required at least fifteen days incubation before the brucella was isolatedl.
TIhere ought to be many more blood cultures carried out on so-called pyrexias
of unknown origin when undlulant fever is suspected, buLt the suggestionl must be
put before the laboratory staff so that the proper methods, which caninot be
employed as a routine, may be used.
I wish to express my indebte(dniess to Professor J. H. Biggart and Dr. N. C.
Graham for their help anid encouragemenlt.
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